The present study was made following certain observations upon the plasma proteins in anemia. An attempt was made to explain the initial gain in weight (1) and the appearance of palpable edema in certain anemic patients as their blood improved. It was assumed that the increased need for protein substances in the building of new hemoglobin might result in a reduction of the plasma protein and of the plasma oncotic pressure when the diet contained a reduced amount of protein.
No correlation between a reduction of the plasma protein and the appearance of palpable edema, however, was found, perhaps in part due to the fact that gains in weight and the development of edema did not occur to any considerable degree in the patients studied.
Marked changes in the nitrogen metabolism, however, have accompanied the regeneration of blood following the administration of effective material in various forms of anemia in this clinic. These changes manifest themselves as a reduction of the nonprotein nitrogen, plasma protein and nitrogen elimination. That this should be so was not remarkable in view of the considerable demand for protein for hemoglobin formation (for a gain of each 10 per cent in hemoglobin about 80 grams of protein are required). The anemic patient while regenerating hemoglobin, therefore, offered an opportunity to study the effect of sudden protein demand on the nitrogen metabolism of the organism. In addition to the theoretical information to be obtained from the study, it was hoped that points of therapeutic interest might emerge. In the present communication the effect of hemoglobin regeneration on nitrogen retention, on the plasma protein and nonprotein nitrogen, and on the tissue nitrogen is reported.
In a subsequent communication the observations will be extended to variations in the remaining nitrogen partitives.
Nine severely anemic patients were chosen for study. The sex, age of these patients, together with the diagnoses of their cases, are given at the end of the communication. Regeneration of blood occurred during the period of observation in five patients with hypochromic anemia (Cases 1, 2, 4, 7 and 8) when iron was administered; in two patients with pernicious anemia (Cases 5 and 6) following administration of material specifically active in this condition; in one patient with scurvy (Case 9) following the administration of an adequate diet. Case 3, a patient suffering from hypochromic anemia, was given no medication during the period of observation and was used as a control. In addition to this case, the first twelve-day period of Case 7 was used as a control period, and no medication was given during this time.
The patients were given diets which were adequate in calories but were usually low in protein.
Water and table salt were unrestricted. Urine was collected for three-day periods. In two instances stools were collected for three-day periods. Venous blood was collected usually every other day. Red blood cell counts and cell volume measurements were made upon this blood. The hemoglobin was measured by a Sahli instrument calibrated as described below. Reticulocytes were counted daily upon smears stained supravitally with brilliant cresyl blue. The blood volume was measured, usually every fourteen days, by means of the vital red technique as described by Rowntree, Brown and Roth (2) .
All chemical analyses were made in duplicate. The plasma proteins were determined upon oxalated blood plasma by the Kjeldahl method, using the macro modification of Howe (3) . Certain essential changes in the method were made as described by Peters and Van Slyke (4). The most important of these modifications are as follows: digestion of the plasma was accomplished by the use of 10 ml. of concentrated sulphuric acid low in nitrogen and 5 grams of a digestion mixture prepared by mixing 500 grams of potassium sulphate and 10 grams of powdered copper sulphate. Complete digestion was assured by the use of Merck's superoxol. Two hundredth normal hydrochloric acid and sodium hydroxide were employed in the titrations. Instead of methyl red, Tashirio's indicator was used in the titrations because of the sharper end-point obtained with acids and alkalis of the dilution used. The indicator was prepared following the suggestions of Kerr and Blish (5) .
The nonprotein nitrogen and the urinary nitrogen were determined by the micro-chemical methods of Folin (6) Sahli hemoglobinometers were calibrated in such a manner, employing blood upon which the oxygen capacity was known, that 100 per cent hemoglobin corresponded to an oxygen capacity of 20.9 volumes per 100 ml. of blood, and this was assumed to be the equivalent of 15.6 grams of hemoglobin per 100 ml. of blood.
Determinations of the nitrogen content of washed red blood cells and of hemolyzed red blood cells, free of plasma and stroma, were compared with the amount of hemoglobin ascertained from the Van Slyke oxygen capacity method. Nitrogen values were multiplied by 6.25 to obtain values for total protein (hemoglobin). In one normal individual and four patients with pernicious anemia the protein equivalents of hemolyzed red blood cells free of plasma and stroma, per 21 volumes of oxygen per cent, were respectively, 15.7, 15.7, 15.8, 15.0, 15.6 grams per 100 ml., or an average of 15.6 grams per 100 ml. of blood. The determination of the hemoglobin nitrogen, therefore, gave results which were quite in keeping with the assumed weight of hemoglobin. The error introduced in determining total circulating nitrogen by not including the nitrogen of the stroma of the red blood cells and of the other formed elements of the blood was small and was disregarded in the present calculation. There is some evidence that the structure of the hemoglobin molecule may vary in different forms of anemia (7), but there is no evidence, as far as the authors can discover, that the nitrogen content or actual size of the hemoglobin molecule varies appreciably.
Since in Cases 7 and 8 there occurred losses of blood in the stools, it is important to consider what effect, if any, such losses have on the experimental findings. In all of the patients in whom loss of blood was responsible for the anemia, except Case 1, the loss of blood occurred in the upper gastro-intestinal tract. Under these circumstances it was considered probable that the protein and other nitrogenous constituents so lost from the blood stream were absorbed and utilized in the same manner as food protein. Such a state of affairs would occasion little loss of nitrogen to the organism. This assumption has been borne out by experimental data. It has been found from other studies that the characteristic low nitrogen content of the stools was maintained even in the face of chronic loss of blood from the upper gastro-intestinal tract. Carefully controlled experiments have shown no increased loss of nitrogen in the stools or in the distribution of the various nitrogenous partitives in the whole blood, blood plasma or urine even when the stools gave a markedly positive test for occult blood. Case 8, for example, was bleeding throughout the experiment from a cancer of the stomach, yet the daily output of nitrogen in the stools (0.7 gram) was in close agreement with that found in Case 6 in which there was no blood loss.
The summary of the experimental results are given in Tables I and II. Table II being slowed under these circumstances, as was at first expected, it proceeded at the same normal rate (about 1 gram of hemoglobin nitrogen per day). The nitrogen required for this purpose was furnished by the nitrogen of the plasma protein and of the tissues. For example, there was usually a fall in the total circulating plasma nitrogen as the hemoglobin rose. This is strikingly illustrated by Case 1 (see Figure 1 , and Tables I  and III) . For the sake of brevity the corresponding tables and figures for the other three cases are not given but data may be calculated from that given in Tables I and II. In three of the four cases under discussion (Cases 1, 7, 8) the period of low protein diet was followed by one of normal or even high protein diet. The results confirmed the findings that there had been marked deprivation of tissue nitrogen during the period of low protein intake and hemoglobin regeneration. With the increase of nitrogen in the diet there occurred a marked nitrogen retention. Coincident with this nitrogen retention the drain on the nitrogen of the circulating plasma and of the tissues ceased. Of the four cases, Case 1 is probably the most significant in this regard since the increase in nitrogen intake took place at a time when the hemoglobin was still being formed at a rapid rate. It will be observed from Table III and Figure 1 that with the increase in nitrogen intake the patient was able to manufacture hemoglobin and at the same time slowly to replace the nitrogen deficit in the circulating plasma.
The limiting condition between the first type of response to hemoglobin formation and the type of response in the remaining cases seems to be the level of the protein intake. If the nitrogen intake was below 6.2 grams per day a positive nitrogen balance never occurred in patients with anemia during their response to antianemic material. The amount of nitrogen fed two patients (Cases 2 and 5) was above this critical level, namely, 7.3 and 6.4 grams, respectively. The effect of hemoglobin regeneration on the nitrogen metabolism of these two patients differed in degree rather than in kind from the patients of the first group. In the first group, with a negative nitrogen balance, the tissue protein and plasma nitrogen satisfied the demand for nitrogen occasioned by hemoglobin formation; in Cases 2 and 5 a portion of the nitrogen was definitely provided for by the increased retention of nitrogen, and the tissue and plasma nitrogen were to some extent spared. This is well illustrated in a comparison of Case 4 with Case 5. In Case 4, 47 grams of hemoglobin nitrogen were produced in 39 days in the face of a negative nitrogen balance of 45 grams. To provide the required nitrogen the tissues contributed 69 grams and the plasma 22.5 grams. In Case 5 over the same period of time 50 grams (or approximately the same amount as in Case 4) of hemoglobin nitrogen were manufactured in the presence of a positive nitrogen balance of 16.5 grams. The total cost to the organism in this case was only 32 grams of tissue nitrogen and 2 grams of plasma nitrogen.
The effect of nitrogen retention is even more marked in two other cases (Cases 6 anid 9). The demands of nitrogen for hemoglobin manufacture in these patients were met by the nitrogen retained from the food with a small contribution from the plasma. The tissues in these two cases were enabled to lay down nitrogen. The two cases showing this response differ in one important regard from the other cases. Both patients suffered from extreme nitrogen deprivation. Indeed, it is doubtful if the tissues could have contributed to an increased nitrogen demand. Experimentally, it was found in Case 6, for example, when the protein intake was much increased, over 1500 grams of protein were laid down in the tissues. In spite of this enormous protein deficit the organism readily spared 46 grams of nitrogen for the manufacture of hemoglobin while the intake of protein was low (Table I , Case 6, Period 1). The requirements of the body for hemoglobin seemed to be greater than those for tissue protein. One fact not shown in the tables must be pointed out in connection with this patient (Case 6). The nitrogen balance did not become positive until after response to anti-pernicious anemia substance was instituted. In short, this patient responded to increased nitrogen demand by still further increasing his nitrogen retention.
The course of events in the second patient (Case 9, Table I), was similar. Here, however, we have unequivocal evidence from the dietary history that tissue starvation had advanced to an alarming degree. Under adequate dietary therapy, without liver or iron, and with a nitrogen intake of 6.4 grams per day, hemoglobin regeneration occurred. To provide for this additional nitrogen requirement, the nitrogen output in the urine fell to the very low figure of 2 grams a day. For the purpose of giving significance to this statement one may observe for comparison Cases 4 and 5, Table I . These two cases, in which the nitrogen intake was approximately the same, and in which a somewhat faster rate of hemoglobin regeneration occurred than in Case 9, still were able to excrete between 4 and 6 grams of nitrogen daily. Thus hemoglobin demand for nitrogen was provided to a considerable extent from tissue and plasma nitrogen in these cases. In Case 9, however, plasma, hemoglobin and tissue nitrogen were provided by the diet alone in the presence of an exceedingly small nitrogen output.
It will be seen from the foregoing discussion that the body will manufacture hemoglobin under the spur of antianemic substances regardless of the source of the necessary nitrogen. The three responses given above are really different quantitative aspects of the same phenomenon. Which type of response will occur depends upon the level of protein fed, the extent of the hemoglobin demand, and the nutritional state of the organism.
Changes in other factors which have been studied in this series of nine anemic cases will be considered briefly: (1) the albumin and globulin values of the plasma, and (2) the nonprotein nitrogen of the plasma.
The albumin and globulin values of the plasma. The albumin content of the plasma was usually below 4.0 grams per 100 ml. On the other hand, the globulin was scarcely ever reduced below normal (1.4 grams per 100 ml.). In only one case (Case 1) was the globulin above 3.0 grams per 100 ml. plasma. Diminution in the total plasma protein during the observations seemed to be usually at the expense of the albumin fraction, the globulin fraction, as a rule, remaining constant. A reduction of the concentration of the plasma proteins could not usually be demonstrated when the need for protein was increased by hemoglobin regeneration, unless the diet contained abnormally small amounts of protein.
Plasma nonprotein nitrogen. A striking feature was a very marked reduction of the plasma nonprotein nitrogen in all cases during hemoglobin regeneration. The values reached levels below 20 mgm. per 100 ml. in every case. The lowest recorded values were 14.2 and 14.6 mgm. per 100 ml. in Cases 5 and 8 respectively. The decrease in the nonprotein nitrogen seemed to occur regardless of whether or not there was a decrease of the plasma protein concentration or of the total circulating plasma nitrogen. The values increased again in those cases receiving high protein diets. Increased need for nitrogenous constituents of the circulating plasma during blood regeneration is believed to be responsible for the reduction in the nonprotein nitrogen.
COMMENT
It does not seem illogical to assume that in these patients the plasma acted as a vehicle for the transportation and provision of the nitrogen necessary for hemoglobin and cell formation. It mav well be that the passage of nitrogen fromn the tissues to the plasma and so to the hematopoietic centers is considerably greater than the losses of nitrogen from the plasma which are recorded in Table I . The idea of Holman, Mahoney and Whipple (8) from observations in dogs that there is a " give and take " between the tissue proteins and the plasma proteins, seems to have evidence in its favor in these clinical observations.
That there is a tendency to a large conservation of nitrogenous substances in the body, when hemoglobin regeneration takes place, is a fact which has been noted by others (9). Holman, Mahoney and Whipple (10) have demonstrated that there is a large reserve of protein-building substances in the body which can be used to replenish exhausted circulating plasma protein. Presumably, this reserve of protein-building substances can even more readily be employed for hemoglobin formation.
Special comment should be made upon the patient with scurvy (Case 9) who suffered not only from anemia but also from a marked deficiency of nitrogenous substances, as exemplified by the reduced plasma protein, the massive edema, and the markedly positive nitrogen balance throughout the period of observation. It is interesting to speculate upon the conditions which led up to this patient's deficiency in nitrogenous substances. His dietary intake for four years is quite accurately known, since he partook meticulously during this period of practically only crackers and milk. His diet contained about 1600 calories and about 70 grams of protein or about 11 grams of nitrogen daily. With this intake, he must have had a negative nitrogen balance during at least a good part of the time. Nevertheless, when reparative processes set in, following the administration of a diet adequate in calories and vitamins, it is conceivable that he could have been in nitrogen balance receiving as little as 2 grams of nitrogen daily. It can be inferred from this that vitamin C may play a part in normal tissue protein metabolism, just as it seems to play a part in hemoglobin anabolism.
The practical implication of the results of the present observations is, of course, that in the treatment of anemic patients, attention should be directed to the protein of the diet. Many patients with anemia appear to have a deficient store of nitrogenous substances, and when there is an additional demand on these substances for hemoglobin production the store may be even more depleted. There is no question, however, that there is an additional store of protein substances in the hyperplastic bone marrow of cases of pernicious anemia and chronic iron deficiency. In these conditions there is arrested maturation of nucleated red blood cells, which may fill the marrow spaces of the long bones. The bone marrow, however, can provide probably only a fraction of the necessary nitrogen since in its entirety it is considerably smaller than the volume of the circulating red blood cells ( 11) .
Payne and Peters (12) have presented the idea that a loss of protein into serous effusions in cardiac patients may contribute to edema formation by reduction of the effective osmotic pressure. The concept of an intrinsic loss of body protein by alterations in the internal environment is not new, and is a proposition which must be
